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Abstract: Wheat is one of the most important crops in Turkey. Production of this crop is constrained by the disease Septoria

leaf blotch, which is a major bottleneck in wheat production in the Eastern Mediterranean Region of Turkey. In this study,
260 different wheat fields were surveyed for the estimation of prevalence and severity of Septoria leaf blotch. Out of 100%
of the total wheat crop fields, 58.91% were infected with this disease. The mean value of Septoria leaf blotch virulence was
11.62%. Out of 142 diseased wheat crop samples, 74 isolates were used for the pathogenicity test. Forty-seven isolates from
Adana, 3 isolates from Mersin, 3 isolates from Osmaniye, 14 isolates from Hatay, and 7 isolates from Kahramanmaraş
provinces were cultured on PDA plates. The cause of disease agent was identified based on microscopic observation of
morphological structure and molecular analysis methods. Consequently, total 15 virulent isolates, 3 isolates from each
province were sequenced for 5′ and 3′ ends of ITS of rDNA and nBLAST of the ITS sequences revealed that Zymoseptoria
tritici was the agent of Septoria leaf blotch. The highest disease prevalence (87.99%) was recorded at Adana and followed
by Osmaniye with 87.44%, Kahramanmaraş (43.59%), Mersin (42.68%), and Hatay (26.03%).
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1. Introduction
Wheat is one of the most important cereal crops in the
world. It ranks in 3rd place next to maize and rice with
production of 729 million tons. China is the leading
producer in the world, with 126,215,211 tons, and Turkey
is the 10th producer, with 19 million tons (http://faostat.
fao.org). The low productivity of wheat is attributed to
a number of factors biotic and abiotic as well as the low
adoption of new agricultural technologies (Zegeye et al.,
2001). Of the biotic stress, the causal agent of Septoria
tritici blotch, Zymoseptoria tritici (Desm.), formerly
Septoria tritici (teleomorph: Mycosphaerella graminicola)
(Quaedvlieg et al., 2011; Allioui et al., 2016), is currently
one of the most important pathogens of bread wheat
(Triticum aestivum L.) and durum wheat (Triticum
turgidum L. subsp. durum) in many parts of the world,
including Turkey. Zymoseptoria tritici is an important leaf
pathogen of wheat with worldwide distribution (Boukef et
al., 2012) and the cause of serious economic losses (Eyal,
1999; Ramdani et al., 2011). It causes irregular chlorotic
lesions on the leaves of wheat that eventually become
necrotic, severely reducing the photosynthetic capacity of
* Correspondence: mkayim@cu.edu.tr

wheat foliage (Eyal et al., 1985; Orton et al., 2011). In highly
susceptible cultivars and where environmental conditions
are favorable for disease development, this disease may
reduce grain yield by 50% (Agrios, 1997). Moreover,
Septoria leaf blotch can reduce wheat yield quality (Bockus
et al., 2010). Z. tritici leaf pathogen survives within infested
straw and seed and on volunteer wheat and serves as the
source of inoculum to start off the disease cycle with a new
crop of wheat. Z. tritici disease is favored by rain splashing,
high relative humidity, and temperatures between 20 and
28 °C.
Planting of resistant cultivars, cultural practices
like rotation to nonhosts, and sanitation achieved by
deep plowing of crop debris can decrease the amount of
inoculum available to initiate a new disease cycle, and seed
dressing of a fungicide, such as triticonazole, can be used
in regions where the seedling stage can be affected by the
pathogen. Foliar sprays, however, are the most common
type of fungicide treatment, and biological control like
Trichoderma spp., Bacillus megaterium, and Pseudomonas
are effective for the management of Septoria tritici blotch
(Ponomarenko et al., 2011).
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This disease occurs on wheat fields in the Aegean and
Mediterranean regions of Turkey every year, and in some
years with high rainfall it becomes epidemic and reduces
yield by 30%–40% (http://www.uhk.org.tr). In the Aegean
region, Zymoseptoria tritici and Stagonospora nodorum
(telemorph: Phaeosphaeria nodorum) have been found to
be the causal agent of Septoria leaf blotch in wheat. Z. tritici
alone or together with S. nodorum Septoria leaf blotch is
not clear in the Eastern Mediterranean Region of Turkey.
Isolation of pathogen from necrotic leaves is difficult
due to saprophytes. Therefore, for pathogen isolation,
first necrotic wheat leaves with pycnidia are chosen and
pycnidia are extracted and cultured on PDA, instead of
culturing necrotic leaf tissue of wheat on PDA. The fungus
colony grows to only 1–1.5 cm radius within a month
(Finci, 1982). Therefore, identification of this pathogen
is very difficult based on morphological structures.
Moreover, both Z. tritici and S. nodorum have similar
pycnidia and pycnidiospores under the microscope.
Molecular characterization of rDNA of fungi supports the
identification of the pathogen based on a comparison of
the sequence in NCBI (White et al., 1990; Beck and Ligon,
1994; Fraaje et al., 2001) using the nucleotide BLAST.
Therefore, the objective of this study was to assess disease
intensity of Septoria (Zymoseptoria tritici) leaf blotch of
wheat in the Eastern Mediterranean Region of Turkey and
to identify Zymoseptoria tritici causing leaf blotch of wheat
using the molecular technique.
2. Materials and methods
2.1. Survey of Septoria leaf blotch disease
A wheat field survey was conducted from February 25 to
June 20 during the 2013/2014 cropping season in five major
wheat producing districts of the Eastern Mediterranean
Region of Turkey (Table 1).
A total of 260 fields were assessed in Adana, Mersin,
Osmaniye, Hatay, and Kahramanmaraş (Figure 1). The
surveys were conducted following the main roads and
accessible routes in each survey district, and stops were

made at 5-km intervals based on the vehicles’ odometers.
Five to seven stops were conducted in each wheat field
along a diagonal move at each stop interval.
2.2. Septoria leaf blotch diseases prevalence and severity
assessment
Disease prevalence was recorded for Zymoseptoria tritici
leaf blotch using the number of fields affected divided
by the total number of fields assessed and expressed as a
percentage. The mean severity of each field was computed
from the total of 100 plants with the help of the scales and
formula described in Table 2.
For each score, the disease severity percentage was
calculated based on the formula developed by Townsend
and Heuberger (1943):
Disease severity =

Ʃ infection frequencies ×
number of plants of each class
Total of observed plants ×
highest value of the evaluation scale

× 100

2.3. Isolation of pathogen from wheat leaves
Collected samples from fields were labeled, and field
and samples codes were given. Then they were brought
to the Biotechnology Laboratory, Department of Plant
Protection, Faculty of Agriculture, Çukurova University,
for further processing. For pathogen isolation, a necrotic
wheat leaf with a pycnidium was chosen and the pycnidium
was extracted with a sterile needle from the necrotic areas
and cultured on PDA plates. Then plates were incubated at
18–20 °C for 10–20 days in the dark. The long-term stock
cultures of fungus discs were prepared in 2-mL centrifuge
tubes and stored at –20 and –80 °C in freezers.
2.4. Pathogenicity test
To determine the virulence of the isolates, a pathogenicity
test was carried out. For this study, the wheat variety
“Yüreğir – 89”, known to be susceptible to Zymoseptoria
tritici, was used. A sterile soil mixture (clay loam/peat/
sand, 2:2:1 vol/vol/vol) was put in plastic pots and 10 seeds
per pot were planted. Twenty-one days after planting, spore

Table 1. Total number of fields covered by wheat and number of fields considered for samples in 2013/2014 main cropping seasons.
Provinces

Total number of fields covered by wheat

Number of fields from which samples were collected

Adana

2,112,689

2113

Kahramanmaraş

1,254,816

1255

Mersin

1,205,392

1205

Hatay

780,922

781

Osmaniye

688,976

689

Total

6,042,795

6043
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Figure 1. Surveys were carried out in the Eastern Mediterranean Region of Turkey as showed on Google Earth map.

Table 2. Standard area diagrams used to estimate Septoria leaf blotch developed by Vrapi et al. (2012).
Description of disease severity for Septoria leaf
blotch

Severity
grade

Disease
severity in %

0

0

No pycnidial formation, no symptoms or occasional
hypersensitive fleck

1

0.1–5

No or only occasional isolated pycnidia formed

2

5.1–25

Very light pycnidial formation

3

25.1–50

Light pycnidial formation

4

50.1–75

Moderate pycnidial formation lesions coalescing
considerably

5

75.1–100

Large, abundant pycnidia, lesions coalescing extensively

Standard area diagrams
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suspension 1 × 106 of the Zymoseptoria tritici pathogen
containing 0.1% tween-20/mL was brushed onto the
upper leaf parts of wheat seedlings. Inoculated plants were
incubated with 8-h light and 16-h dark conditions. The
ambient temperature was set at 21 ± 2 °C with 70% relative
humidity. Three weeks after inoculation, disease severity
was scored using the Eyal and Brown (1976) Scale: (0–5)
(0 = 0%, 1 = 12%, 2 = 25%, 3 = 50%, 4 = 75%, 5 = 87%).
Finally, the Zymoseptoria tritici pathogen was reisolated
from the wheat seedlings and shown to be the same as the
originally inoculated pathogen. Treatments were arranged
in complete randomized design with three replications.
This experiment was repeated twice.
2.5. Molecular identification of Septoria leaf blotch
2.5.1. DNA extraction, amplification, and sequencing
DNA was extracted from 74 isolates of Zymoseptoria
tritici based on the method developed by Cennis et al.
(1992) with minor modifications. Mycelium was used for
this study. The complete ITS region of each isolate was
amplified with pair primers of ITS4 and ITS5 (White et al.,
1990). These primers were synthesized by IDT (Integrated
DNA Technology, USA). The polymerase chain reaction
(PCR) was carried out with 5 U/µL Taq polymerase, 2.5
mM nucleotide mix, 2.5 mM MgCl2, and 10X buffer
supplied by Fermantas Company.
Amplification was conducted in a thermal cycle
(ProFlex PCR System, Applied Biosystems by Life
Technology) with the following cycle parameters:

94 °C for 3 min, 35 cycles of 94 °C for 45 s, 56 °C for
45 s, 72 °C for 1 min, and a final extension for 7 min at
72 °C. The amplified product was verified by agarose
gels electrophoresis. The remaining PCR products were
purified with a polymerase chain reaction (PCR) prep kit
(Qiagen, USA) based on the manufacturer’s instructions.
The purified PCR samples from 15 Zymoseptoria tritici
isolates were sequenced by Genoks (Ankara, Turkey)
using Sanger dideoxy sequencing. The sequences of ITS
of rDNA were edited and assembled using BioEdit 6 free
software. Then the sequences were compared with those
deposited in the NCBI GenBank database using the BLAST
program (version 2.0; National Center for Biotechnology
Information, United States National Institutes of Health).
The sequences of the ITS gene location were also submitted
to the NCBI GenBank and accession numbers were
obtained (Table 3).
In addition, sequences annotated as Zymoseptoria
tritici in GenBank were included in the phylogenetic
analysis.
2.6. Data analysis
Analysis of variance was conducted for disease data
(severity and prevalence) collected during the survey using
Statistical Analysis System (SAS version 9.1.3 software, SAS
Institute, 2002). The least significant difference (LSD) test
was used for separation of means at (P ≤ 5 %). Descriptive
statistics were used for disease severity scored during the
pathogenicity test.

Table 3. Zymoseptoria tritici isolates from wheat fields of the Eastern Mediterranean region that were used in
this study.
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Isolate

Origin

GenBank accession number (ITS)

CU _ 100 StA4

Adana

KP852507

CU _ 101 StM26

Mersin

KP852508

CU _ 102 StM34

Mersin

KP852509

CU _ 103 StA58

Adana

KP852510

CU _ 104 StA62

Adana

KP852511

CU _ 105 StH83

Hatay

KP852512

CU _ 106 StH87

Hatay

KP852513

CU _ 107 StH110

Hatay

KP852514

CU _ 108 StO138

Osmaniye

KP852515

CU _ 109 StO139

Osmaniye

KP852516

CU _ 110 StA161

Adana

KP852517

CU _ 111 StK216

Kahramanmaraş

KP852518

CU_112 StK239

Kahramanmaraş

KP852519

CU_113 StK240

Kahramanmaraş

KP852520

CU_114 StM253

Mersin

KP852521
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3. Results and discussion
This study aimed to assess the distribution of Septoria
leaf blotch of wheat in the Eastern Mediterranean region
of Turkey and to identify Zymoseptoria tritici causing leaf
blotch of wheat using the molecular technique.
3.1. Meteorological conditions during crop cycle
Meteorological data (average relative humidity,
temperature, total rainfall, and wind speed) for each
survey areas were not recorded because of the large

number of fields; they were taken from Adana Regional
Meteorological station. As shown in Table 4, mean
maximum and minimum relative humidity of the
provinces were 74% and 41.5 %, respectively. The average
maximum temperature of survey areas was 26.6 °C
while the minimum was 5.5 °C. The present study was in
agreement with Wainshilbaum and Lipps (1991) in that
the optimum temperature ranges for Septoria leaf blotch
development were 18–26 °C. There are many references in

Table 4. Meteorological data of surveyed areas during 2013/2014 main cropping seasons.
Months

January

February

March

April

May

June

Provinces

Av RH (%)

Av tem (°C)

Total Rf (mm)

Ws (m/s)

Adana

64.9

9.8

46.2

1.5

Mersin

57.2

11.4

50.9

1.3

Osmaniye

65.5

9.5

73.4

2.1

Hatay

70.8

8.9

131.3

1.2

K.Maraş

71.1

5.5

111

1.5

Adana

71.8

12.2

55.7

1.6

Mersin

61.9

13.8

58.8

1.4

Osmaniye

67.9

12

90

2.6

Hatay

74

12.2

146.7

1.8

K.Maraş

73.2

8.8

131.9

1.8

Adana

57.8

14.6

54.3

1.8

Mersin

51.3

16

17.1

1.6

Osmaniye

54.6

15.3

35.7

1.7

Hatay

58.6

14.4

87.5

1.7

K.Maraş

52.5

11.6

77.5

1.3

Adana

65.5

18.6

54

1.5

Mersin

63.1

19.1

36.1

1.4

Osmaniye

64.2

17.9

111.2

2.2

Hatay

65.1

17.8

383.4

1.7

K.Maraş

51.9

17.2

65.9

1.3

Adana

64.4

23.8

61.5

1.6

Mersin

64.9

23.9

42.7

1.4

Osmaniye

61.5

23

81.3

2.2

Hatay

61.2

23.1

95.1

1.7

K.Maraş

51

22.2

76.5

1.7

Adana

59.6

26.3

0.9

1.9

Mersin

63.4

26.6

13.6

1.6

Osmaniye

58.5

25.5

24.9

2.6

Hatay

59.9

25.4

13.1

2.2

K.Maraş

41.5

25.6

16.3

2.7

Max

74

26.6

383.4

2.7

Min

41.5

5.5

0.9

1.2

RH = relative humidity, Tem = temperature, Rf = rainfall, WS = wind speed
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Pr ev a l enc e a nd s ev er it y (%)

the literature on the linkages of Septoria leaf blotch with
rainfall (Holmes and Colhoun, 1974; Shaner and Finney,
1976).
During this study, precipitation rates varied
geographically and over time. The average maximum and
minimum rainfall were 383.4 and 0.9 mm, respectively.
Hess and Shaner (1987), Simon et al. (2003), and Castro
and Simon (2016) found that disease severity increased
as postinfection temperature or as postinoculation moist
periods were higher, and the greatest severities resulted
from combinations of long moist periods (96 h) and high
temperatures (20–25 °C).
3.2. Prevalence and severity of Septoria leaf blotch
Prevalence and severity are presented in Figure 2. A
total of 260 different fields were surveyed with the aim
of determining the prevalence and severity of Septoria
leaf blotch in Adana, Mersin, Osmaniye, Hatay, and
Kahramanmaraş in the 2013 cropping season. The

95.00
90.00
85.00
80.00
75.00
70.00
65.00
60.00
55.00
50.00
45.00
40.00
35.00
30.00
25.00
20.00
15.00
10.00
5.00
0.00

Prevalence
Severity

Province

Figure 2. Disease prevalence and severity of Zymoseptoria tritici
on wheat in the Eastern Mediterranean Region of Turkey during
2013/2014 main cropping seasons.

survey results showed that the overall prevalence in the
surveyed areas (Adana, Mersin, Osmaniye, Hatay, and
Kahramanmaraş) were 87.9%, 42.7%, 87.4%, 26%, and
43.6%, respectively (Figure 2). The highest disease severity
was scored in Osmaniye, followed by Adana, while the
lowest was recorded in Kahramanmaraş and Hatay. The
higher susceptibility of wheat genotypes could be mainly
due to prevailing climatic conditions suitable for its
development (frequent rains and moderate temperature)
(Gilchrist and Dubin, 2002; Abebe et al., 2015) and have
a wider virulence spectrum of the pathogen population.
The population of Septoria tritici blotch is highly diverse
genetically and the fungus may reproduce sexually several
times during the wheat-growing season (Kema et al., 1996;
McDonald et al., 1999; Abebe et al., 2015). According to
Razavi (2003), a high degree of variability at the lesion
sampling level and a low degree of variability at the leaf
and location sampling levels suggest that the primary
source of inoculum was most likely air-borne ascospores,
which would have been dispersed evenly across the
field. Since ascospores are haploid and are produced
through sexual reproduction, isolates from lesions on
a single leaf originating from infection by airborne
ascospores would be genetically different. In this study,
the prevalence and severity of Septoria leaf blotch in Hatay
and Kahramanmaraş were low. This might be because
fungicides were sprayed earlier in those areas. On the
other hand, districts like Adana and Mersin have become
a hot spot for Septoria leaf blotch and attention should
be given to such areas to manage loss due to this disease.
In this study, we investigated the distribution of Septoria
tritici blotch from major bread and durum wheat-growing
areas of the Eastern Mediterranean region of Turkey for
the first time.
3.3. Pathogenicity test
Based on wheat field sizes, a total of 74 isolates of Septoria
leaf blotch were used for the pathogenicity test. Disease
severity ranges and means are presented in Table 5. The

Table 5. Pathogenicity test results for isolates of Septoria leaf blotch under greenhouse conditions in 2013/2014 main cropping seasons.
Provinces

No. of fields
assessed

No. of isolates used
for pathogenicity test

Disease severity
range (%)

Mean severity
(%)

Adana

86

47

0–96

40.85

Mersin

35

3

56–92

68

Osmaniye

29

3

0–72

37.33

Hatay

49

14

0–72

35.71

Kahramanmaraş

61

7

0–76

16.57

Overall mean

52

14.8

0–96

39.69
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disease after 13–14 days. The symptoms first appeared as
necrotic lesions starting at the leaf tips; pycnidia developed
later in the necrotic areas. Variability for components
of pathogenicity implies that some isolates have short
incubation periods, short latent periods, and the ability to
cause severe disease on the host plant. Similarly, there are
some isolates of the pathogen that have long incubation
periods, long latent periods, and cause less disease (Razavi,
2003). In all situations, disease symptoms were reproduced
and Koch’s postulates were fulfilled.
3.4. Phylogenetic analysis
The evolutionary history was inferred by using the
maximum likelihood method based on the Tamura–Nei
model (Tamura and Nei, 1993). The tree with the highest
log likelihood (–1056.5262) is shown (Figure 3). The

CU 100 StA4

Adana

CU 101 StM26

Mersin

CU 102 StM34

Mersin

CU 103 StA58
CU 104 StA62
CU 105 StH83

Adana
Adana
Hatay

CU 106 StH87

Hatay

CU 107 StH110

Hatay

CU 108 StO138
CU 109 StO139
CU 110 StA161
CU 111 StK216
CU 112 StK239
CU 113 StK240
CU 114 StM253
CBS100335
KT692566

Osmaniye
Osmaniye
Adana

Zymoseptoria tritici

highest disease severity was recorded in Mersin isolates
(68%), followed by Adana (40.85%). The lowest were
scored in Kahramanmaraş (16.57%) and Hatay (35.71%)
isolates. This test confirmed that Septoria isolates
obtained from Mersin and Adana were more virulent
and variation in disease severity among the isolates might
be due to differences in virulence ability and incubation
period. This finding agrees with Van Ginkel and Scharen
(1988), Marshall (1985), Van Ginkel and Rajaram
(1995), and Razavi (2003), who reported that there was
variability in the degree of pathogenicity among isolates
of M. graminicola. In the present study, the first disease
symptoms were observed 15 days after inoculation. This
study was in agreement with Razavi (2003), who reported
that the inoculated plants started to show symptoms of the

Kahramanmaraş
Kahramanmaraş
Kahramanmaraş
Mersin
Netherlands

France

U77362 Phaeosphaeria nodorum
0.050
Figure 3. Maximum likelihood tree derived from analysis of the internal transcribed spacer (ITS) sequences using Kimura 2-parameter
model for Zymoseptoria tritici isolates on wheat from the Eastern Mediterranean Region of Turkey, Netherlands (CBS100335), and
France (KT692566). Isolate CBS100335 (Zymoseptoria tritici) was added as an ex-type. Phaeosphaeria nodorum was added as an
outgroup. Bootstrap supports values (%) from 1000 replications are not shown at the nodes. CU = Çukurova University, Adana, Turkey.
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percentage of trees in which the associated taxa clustered
together is shown next to the branches. Initial tree(s)
for the heuristic search were obtained automatically by
applying neighbor-join and BioNJ algorithms to a matrix
of pairwise distances estimated using the maximum
composite likelihood (MCL) approach and then selecting
the topology with the superior log likelihood value. The
tree is drawn to scale, with branch lengths measured in the
number of substitutions per site. The analysis involved 18
nucleotide sequences. Codon positions included were 1st
+ 2nd + 3rd + Noncoding. All positions containing gaps
and missing data were eliminated. There were a total of 463
positions in the final dataset. Evolutionary analyses were
conducted in MEGA7 (Kumar et al., 2016). Fifteen isolates
of Z. tritici from the Eastern Mediterranean Region of
Turkey were found genetically identical to each other as

well as isolates from the Netherlands (CBS100335) and
France (KT692566) based on rDNA sequences of ITS.
Phaeosphaeria nodorum (Accession: U77362) was used as
an outgroup. ITS sequences from all isolates (CU _ 100
StA4 – CU _ 114 StM253) were 100% identical to isolates
(CBS 100335: EU019297.2; V1FF3: KT692566) from the
Netherlands and France, respectively.
This study suggests that Zymoseptoria tritici is the
causal agent of Septoria leaf blotch on wheat in the
Mediterranean Region of Turkey.
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